Coumarins constitute a family of naturally occurring lactones with a potential for a range of biological activities\[[@ref1][@ref2]\]. Substituents at C-4 position on the coumarin ring like hydroxy, aminomethyl, and arylaminomethyl have resulted in compounds with anticoagulant\[[@ref3]\], CNS depressant\[[@ref4]--[@ref6]\], and antimicrobial\[[@ref7]--[@ref9]\] activities respectively. Parent coumarin and its metabolite 7-hydroxycoumarin (umbelliferone) were both found to inhibit the carrageenan induced edema in rats\[[@ref10]\]. The role of hydroxyl group in arachidonic acid metabolism has been investigated which showed that they were moderate inhibitors of 5-HETE formation. This is further supported by a later observation that phenolic coumarins possess remarkable ability to scavenge peroxyl radicals\[[@ref11]\]. During our work on 4-substituted coumarins\[[@ref12][@ref13]\] we have found that incorporation of biocompatible fragments like vanillin\[[@ref14]\] and paracetamol\[[@ref15]\] at the allylic position with respect to the biogenetically important C3-C4 double bond leads to compounds with potential antiinflammatory activity. Clinically accepted antiinflammatory drugs like indomethacin, naproxen and ibuprofen possess --CH(R)-COOH group (R= alkyl or aryl) as a pharmacophore.

In view of the above cited inflammation inhibition property associated with 4-substituted coumarins and the importance of --CH(R)-COOH group in antiinflammatory drugs, it was thought of substantial intellectual appeal to screen some coumarin-4-acetic acids for their antiinflammatory property. The prediction of activity spectra for substances (PASS) program i.e., computer-added prediction of biological activities associated with organic structures\[[@ref16]--[@ref22]\] has been applied to thiazole derivatives\[[@ref23]\]. The present paper demonstrates the utility of the PASS program and makes a clear comparison of the predicted and the observed pharmacological properties of some coumarin-4-acetic acids.

All the five substituted coumarin-4-acetic acids (3a-e) were synthesized according to the procedure reported in the literature\[[@ref24]\]. Accordingly, a mixture of citric acid 2 (1 mol) and conc. sulphuric acid (32 ml) was stirred for 30 min, then the temperature was slowly raised during an interval of 10-15 min and as soon as the evolution of gas slackened, the flask was removed from the bath, allowed to stand for 15 min till the reaction mixture became clear and free from carbon monoxide bubbles; this was then cooled to 10°. To this solution, substituted phenol 1 (1 mol) was added at 10°, drop wise. After the addition of phenol, the reaction mixture was stirred at room temperature for 48 h. The reaction mixture was then poured onto crushed ice; the separated solid was filtered and dissolved in saturated sodium bicarbonate solution, which on acidification gave the title compounds 3 (a-e) (yield 57-73%) ([Scheme 1](#F1){ref-type="fig"}).

![Synthesis of Coumarin-4-acetic acids (3)](IJPhS-73-88-g001){#F1}

Albino Wistar rats of either sex weighing 150-200 g were used. Animals were housed in groups of six per cage at a temperature of 25±1° and relative humidity of 45±5%. A 12:12 h light:dark cycle was followed during the experiments. Animals had free access to food and water, however, food was withdrawn six hours before and during the experiments. The animals were obtained from the Central Animal House of S. C. S. College of Pharmacy, Harapanahalli (India). The Institutional Animal Ethical Committee approved the protocol of the study.

The acute toxicity study was done as per the OECD guidelines (407). The compounds 3a-e were administered orally in different doses, the rats were continuously observed for 8 h for any signs of acute toxicity such as increased-decreased motor activity, ataxia, tremors, convulsions, sedation, lacrimation, etc. After 24 h the rats were sacrificed, stomach, intestine, and liver were inspected under the magnifying lenses for any ulcerhaemorrhaegic spots. The doses of the test compounds were fixed on the basis of their acute toxicity as 30 mg/kg and 100 mg/kg for evaluation ([Table 1](#T1){ref-type="table"}).

###### 

ACUTE TOXICITY DATA OF THE COMPOUNDS 3a-e
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The antiinflammatory activity was studied using carrageenin-induced rat paw edema method\[[@ref25]\]. All the test compounds 3a-e were administered in two doses 30 mg/kg and 100 mg/kg body weight based on their acute toxicity studies and the standards used for the present antiinflammatory activity testing are diclofenac sodium and indomethacin. The test compounds were administered orally to the rats suspended in 0.5% carboxymethylcellulose (CMC). The control animals received 0.5% CMC. Thirty minutes after drug administration, 0.1 ml of 1% carrageenan (Sigma) in normal saline solution was injected into subplantar region of one of the hind paws. The paw edema volume was recorded using a plethysmometer (UGO Basile, Italy) at different time intervals. The percentage inhibition of inflammation was calculated by applying Newbould formula. The results were found to be statistically significant against control at *P*\< 0.001 by applying Scheffe\'s Post Hoc method ([Table 2](#T2){ref-type="table"}).

###### 

ANTIINFLAMMATORY ACTIVITY DATA OF COMPOUNDS 3a-e
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The analgesic activity\[[@ref26]\] was determined *in vivo* by using abdominal constriction test induced by acetic acid 0.6% (0.1 ml/10 g) in mice. Albino mice of both the sexes (18-22 g) were used. Compounds were administered orally (30 mg/kg) and (100 mg/kg) as a suspension in 5% carbethoxymethylcellulose (vehicle). Diclofenac sodium (20 mg/kg) and aspirin (100 mg/kg) were used as the standard drugs under same conditions. Acetic acid solution was administered i.p. 1 h after administration of the test compounds. Ten minutes after the i.p. injection of the acetic acid solution, the number of constrictions per animal was recorded for 20 min. Control animals received on equal volume of vehicle. Analgesic activity was expressed as percentage of inhibition of constrictions when compared with the vehicle control group ([Table 3](#T3){ref-type="table"}).

###### 

ANALGESIC ACTIVITY OF COMPOUNDS 3a-e
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The ulcerogenic activity was measured as followed by method of DiJoseph *et al*.\[[@ref27]\]. Male Wistar rats were fasted for 36 h. standard suspended in 1% CMC was given orally at a dose level of 20 mg/kg (2×10 mg/kg) body weight and the test compounds were administered twice at 2 h interval at a dose level of 400 mg/kg. Four hours later animals were sacrificed and stomach was examined for lesions. The ulcer index\[[@ref27]\] of the test compounds showed no harmful effects on the stomach, at the dose of 400 mg/kg p.o., in fasted rats. Standard, at lower doses produced serious gastric ulcers in all animals ([Table 4](#T4){ref-type="table"}).

###### 

EFFECT OF COMPOUNDS 3c AND 3d ON ASPIRIN INDUCED ULCER MODEL
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The analysis of biological activity spectra prediction for the synthesized compounds 3 (a-e) made in this publication is a good example of study of chemical compounds before their experimental investigations using the freely available internet version of PASS and PharmaExpert: <http://www.ibmc.msk.ru/PASS>.

A biological activity spectrum for a substance is a list of biological activity types for which the probability to be revealed (Pa) and the probability not to be revealed (Pi) are calculated. Pa and Pi values are independent and their values vary from 0 to 1. Biological activity spectra were predicted for all five synthesized structures 3a-e with PASS 2005 version\[[@ref16]\]. The result of prediction is valuable at planning of the experiment, but one should take into account some additional factors: Particular interest to some kinds of activity, desirable novelty of a substance, available facilities for experimental testing. Actually, each choice is always the compromise between the desirable novelty of studied substance and risk to obtain the negative result in testing. The more is Pa value, the less is the probability of false positives in the set of compounds selected for biological testing. For example, if one selects for testing only compounds for which a particular activity is predicted with Pa≥0.9, the expected probability to find inactive compounds in the selected set is very low, but about 90% of active compounds are missed. If only compounds with Pa ≥ 0.8 are chosen, the probability to find inactive compounds is also low, but about 80% of active compounds are missed etc. By default, in PASS Pa= Pi value is chosen as a threshold, therefore all compounds with Pa\>Pi are suggested to be active. Another criterion for selection is the compounds' novelty. If Pa value is high, sometimes one may find close analogues of known biologically active substances among the tested compounds. For example, if Pa \> 0.7 the chance to find the activity in experiment is high, but in some cases the compound may occur to be the close analogue of known pharmaceutical agents. If 0.5 \< Pa \< 0.7 the chance to find the activity in experiment is less, but the compound is not so similar to known pharmaceutical agents. If Pa \< 0.5 the chance to find the activity in experiment is even more less, but if it will be confirmed the compound might occur to be a new chemical entity.

The effect of coumarin-4-acetic acids on the carrageenan-induced paw edema method is mentioned in [Table 2](#T2){ref-type="table"}. All the compounds showed a slow onset of action during the 1st h, which was found to increase rapidly during the 2^nd^ h and reached maximum level at the end of the 3rd h. The 7-methyl and 7-methoxy derivatives 3b and 3e were found to be active at a dose level of 30 mg/kg showing greater than 50% inhibition of inflammation. Further these compounds are able to provide significant protection against the writhing induced by acetic acid. The values are comparable with aspirin in the case of 7,8-benzo and 7-methoxy derivates 3c and 3e. The best results were observed in the case of 7-hydroxy derivative 3d ([Table 3](#T3){ref-type="table"}). The ulcer index of the test compounds showed no harmful effects on the stomach, at the dose of 400 mg kg^-1^ p.o., in fasted rats. Indomethacin, at lower doses produced serious gastric ulcers in all animals. Amongst the five compounds tested for their ulcerogenic potential the 7,8-benzo and 7-hydroxy derivatives were able to prevent the formation of aspirin-induced ulcers to a considerable degree ([Table 4](#T4){ref-type="table"}). Structural formulae of the presently screened coumarin-4-acetic acids and structures of the standards have been used as the input data and the PASS program has been used to predict their biological activity. The predicted activity data pertinent to the screening carried out has been presented in [Table 5](#T5){ref-type="table"}. It can be seen that the PASS activity indicated by the Pa values is quite high with respect to the inactivity Pi values. According to this analysis compounds 3c and 3e are expected to exhibit good inhibition of inflammation, which has been actually verified by the screening data given in [Table 2](#T2){ref-type="table"}. Highest analgesic activity is predicted for the 7-hydroxy derivative 3d, which has been confirmed by our preliminary results in [Table 3](#T3){ref-type="table"}. An interesting point observed is that the predicted toxicity Pa indices for all the compounds are less than the Pa indices for antiinflammatory activity ([Table 5](#T5){ref-type="table"}).

###### 

PASS RESULTS OF COMPOUNDS 3 (a-e)
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In conclusion coumarin-4-acetic acids tested in this study have shown interesting antiinflammatory activities and also possess significant analgesic activity, which is sensitive to the substituents at C-7.
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